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imately 30%. Consequently, conventional wisdom has
professed that these fractures do poorly relative to other
acetabular fracture types and are somehow different. The
main questions to be answered in the treatment of these
injuries include: (1) how can the need for operative versus
non-operative treatment best be determined, (2) can the
fixation of comminuted and marginally impacted fracture
fragments be improved, (3) what are the risk factors for an
adverse outcome after operative fracture fixation, and (4)
what are the expected clinical and functional outcomes
after operative treatment?
A review of my long-term body of work investigating pos-
terior wall fractures of the acetabulum, published over an
extended period of time, was conducted to address these
questions. Answers to the proposed questions are as fol-
lows: (1) dynamic stress examination under anaesthesia is
the only reliable way to determine hip joint stability; (2)
fixation of comminuted and marginally impacted fracture
fragments can be improved by using a two-level fixation
construct, as well as a non-traditional surgical approach for
certain fracture patterns; (3) delayed reduction of hip
dislocation and comminuted fractures in older patients are
associated with poor clinical outcome and the accuracy of
surgical reduction is highly predictive of clinical outcome;
and (4) good-to-excellent hip function should be expected in
a high percentage of these patients. However, residual
functional deficits may still remain.
Keywords: Comminuted fractures; Delayed fracture healing;
Dynamic stress; Operative treatment; Posterior wall
acetabulum fractures
 2016 Taibah University.
Production and hosting by Elsevier Ltd. This is an open
access article under the CC BY-NC-ND license (http://
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B.R. Moed180IntroductionPosterior wall fractures of the acetabulum are common
and comprise approximately 20e30% of all acetabulum
fractures.14 Non-operative treatment of these fractures is
indicated only when hip stability and joint congruency are
maintained after injury.19,25,26 This situation occurs when
the intact part of the acetabulum is large enough to
maintain the femoral head in a normal relationship with
the acetabular roof. It is generally accepted that there is
an indication for operative treatment of posterior wall
fractures when the patient’s hip exhibits gross clinical
instability at 40 degrees of hip flexion after successful
closed reduction.2,13 Absent this clinical finding
and despite attempts by many investigators, the
determination of specific indicators of hip joint stability
has proven to be elusive. Consequently, conventional
wisdom has been when in doubt, treat the posterior wall
fracture operatively with open reduction and internal
fixation (ORIF).
Most of knowledge regarding the operative treatment of
acetabular fractures can be attributed to the works of
Letournel and Judet.10,14 They described the actual complex
nature of posterior wall fractures relative to their plain
radiographic appearance as well as the apparent disparity
between the accuracy of surgical fracture reduction (as
determined by plain radiographs) and clinical outcome.
This disparity was attributed to the occurrence of
osteonecrosis in this group of fractures and to the fact that
reconstruction of the severely comminuted fractures was
difficult to perform. Furthermore, they suggested that
routine postoperative computed tomography scans would
help to provide a more accurate assessment of fracture
reduction. Although Letournel and Judet reported that
82% of their posterior wall fracture patients had a good-
to-excellent clinical outcome,14 other investigators with
relatively small patient numbers have found unsatisfactory
clinical outcomes in approximately 30% of patients.1,6,16,33
Consequently, conventional wisdom has been that despite
their straightforward morphology, posterior wall fractures
do poorly relative to other acetabular fracture types.
The purpose of this manuscript is to present my
long-term body of work investigating the evaluation,
treatment and outcomes of posterior wall fractures of
the acetabulum. The main questions to be answered
include:
1. How can the need for operative versus non-operative
treatment best be determined?
2. Can the fixation of comminuted and marginally impacted
fracture fragments be improved?
3. What are the risk factors for an adverse outcome after
operative treatment?
4. What are the expected clinical and functional outcomes
after operative treatment?
A review of my long-term body of work investigating
posterior wall fractures of the acetabulum, published over an
extended period of time, was conducted to address these
questions.Results
How can the need for operative versus non-operative
treatment best be determined?
Posterior wall fragment size, as measured on a two-
dimensional computed tomography (CT) scan, has been a
commonly used predictor of the status of hip joint stability
and the need for operative intervention.4,11 Posterior wall
fracture fragments >40%, as measured by the method
described by Keith et al., or >65.7%, using the
measurement described by Calkins et al., are predicted to
be unstable and theoretically must be treated with open
reduction internal fixation.4,11 Fractures involving <20%,
as measured by the method described by Keith et al., or
<44.8%, using the method described by Calkins et al., are
predicted to be stable and theoretically can be treated non-
operatively. The treatment recommendations for fractures
of indeterminate stability, as predicted from a computed
tomography scan (20e40% of the posterior wall according
to Keith et al. and 44.8e65.7% as described by Calkins), has
been debated extensively.
In 2010, Grimshaw and Moed described the method of a
dynamic stress fluoroscopic examination under general
anaesthesia (EUA) and showed that hip joint stability
determined by EUA after posterior wall acetabular fracture
is predictive of maintained hip joint congruity, excellent
radiographic outcome and a good-to-excellent clinical
outcome with non-operative treatment.9 This study
established the predictive value of EUA for these fractures
by evaluating clinical and radiographic outcomes in 21
patients after non-operative treatment of fractures found
to be stable by this examination. Using the EUA as the
“gold standard”, my co-workers and I proceeded to eval-
uate the reliability of CT as a predictor of hip stability.7,20,32
The first study showed that the methods of Calkins et al.
and Keith et al. had a substantial percentage of incorrect
predictions, especially in the critical group of those
predicted to be stable (<20% as measured by the method
described by Keith et al. or <44.8% using the method
described by Calkins et al.), but were actually unstable. In
this situation, non-operative treatment would be selected
incorrectly, potentially resulting in a recurrent dislocation of
the hip.20 An alternative CT method, which we suggested,
similar to that of Keith et al. but measuring the posterior
wall fracture size at the level of the largest posterior wall
deficit rather than at the level of the fovea of the femoral
head, was reliable in that it was predictive of hip stability
for small fracture fragments while also being predictive of
instability for large fracture fragments.20 Using this
method, fractures involving less than 20% of the posterior
wall were predicted to be stable, fractures of greater than
50% were predicted to be unstable and fractures involving
between 20% and 50% of the wall were of indeterminate
stability.20 However, there was an increase in the number
of indeterminate fractures. Furthermore, these findings are
based on small patient numbers from a single observer. In
a follow-up study, the reliability of this alternative CT
method was further evaluated using multiple observers.32
Figure 1: AeC: Fluoroscopic views showing the dynamic examination of hip stability under anaesthesia. A: The intraoperative obturator
oblique fluoroscopic view with the hip in full extension shows a located and congruent hip joint. B: The intraoperative obturator oblique
fluoroscopic view with the hip in neutral rotation and flexed to approximately 90 degrees shows a located and a congruent hip joint. C: The
intraoperative obturator oblique fluoroscopic view with the hip in neutral rotation and flexed to approximately 90 degrees with an axial
load applied shows gross subluxation with loss of hip joint parallelism and joint congruency (arrow) and gross enlargement of the medial
clear space (arrowhead), (images from Moed BR, Ajibade DA, Israel H. Computed tomography as a predictor of hip stability status in
posterior wall fractures of the acetabulum. J Orthop Trauma. 2009;23:7e15. Permission granted).
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excellent (>0.80), regardless of the level of experience.
Eliminating the indeterminate predictions, sensitivity was
calculated at 88% and specificity at 98% after comparison
with EUA. However, inappropriate non-operative treat-
ment would have occurred in 8% of cases; small (involving
less than 20%) but unstable fractures do exist and will be
misdiagnosed as stable using this method. Conversely, a
recommendation for inappropriate operative treatment
occurred in less than 1% (1/133). It was concluded that, as a
diagnostic tool in a clinical setting, CT alone should not
generally be used to evaluate stability in posterior wall
fractures involving less than 50% of the joint using the
method described by Moed et al.
Therefore, there must be important factors in addition to
the fragment size that determine dynamic hip stability status.
One suspected factor is the status of the hip capsule. Dislo-
cation of the femoral head is considered to be a clinicalmarker
for an incompetent posterior capsule, either by the actual
tearing of the capsule itself or by virtue of the displacement of
the posterior wall fracture fragment with the capsule
attached.12,14 Experts in the field of acetabular fracture
treatment have advocated that on the basis of satisfactory
plain films, an adequate CT scan and known history of hip
dislocation, hip stability status can be determined for
indeterminate-sized fractures without the need for EUA
[communication presented at theAAOS Instructional Course
Lectures: Operative Treatment of Acetabulum Fractures.
76th AAOS Annual Meeting, Las Vegas, NV, February 25e
28, 2009]. Subsequently, we established an expert panel to
evaluate this possibility.7 Although the intraobserver
reliability was good (0.65), the interobserver reliability was
poor (0.12). In addition, the percent correct was less than
55%. Therefore, orthopaedic traumatologists who were
experts in acetabular fracture care cannot adequately
determine hip stability status for intermediate fractures
(involving 20%e50%) of the posterior wall using the
history of the injury, plain radiographs and CT. However, ithas been shown that EUA can be performed adequately by
any orthopaedic surgeon.17
In summary, EUA (Figure 1AeC) is the only currently
known reliable way to determine that a hip joint is truly
stable after posterior wall fracture of the acetabulum.
Fractures involving >50% of the posterior wall, as
determined by the method of Moed et al.,20 can reliably be
assumed to be unstable and not require EUA.
Can the fixation of comminuted and marginally impacted
fracture fragments be improved?
Satisfactory ORIF is predicated on adequate visualization
of the fracture, as well as the joint surface. This visualization
has been particularly difficult for fractures involving the
posterosuperior aspect of the acetabular wall. We found the
modified Gibson surgical approach18 to be especially helpful
for these fractures, obviating the need for trochanteric
osteotomy to gain further exposure.24
Osteochondral free fragments and marginally impacted
fragments must be sequentially reduced (assuming there is
sufficient attached cancellous bone to allow fragment heal-
ing), usually using the femoral head as a template. First, the
marginal impaction is elevated, leaving a void underneath
from the impacted cancellous bone.24 This void must be
filled; autogenous cancellous bone, freeze-dried cancellous
allograft bone, or various bone substitutes can be used.2,27
We have shown that calcium sulphate is satisfactory in this
regard only when the defect is completely contained within
bone, preventing any communication with the joint
surface and contact with synovial fluid.27 Therefore, our
preference is freeze-dried cancellous allograft bone.24 It is
frequently difficult to maintain marginally impacted and
osteochondral free fragments in their elevated and reduced
positions. We have shown that stabilizing these fragments
with subchondral 2.0-mm mini-screws or 1.5-mm bio-
absorbable pegs is advantageous.8,28,29 Stable fixation of
posterior wall fragments often requires screws to be placed
Figure 2: AeG: An example of two-level fixation. A: Initial injury anteroposterior radiograph. B: Injury computerized tomogram sections
showing a posterior wall fracture with the hip still dislocated and the areas of marginal impaction (arrows). C: Intraoperative photograph
showing the femoral head (f) and an impacted and slightly comminuted articular surface with the underlying compressed cancellous bone
(c). D: Intraoperative photograph after elevation and temporary Kirschner-wire fixation of the impacted intra-articular fragments. The
residual underlying cancellous bone defect has been filled with freeze-dried cancellous allograft bone. The Kirschner wires were subse-
quently exchanged for bioabsorbable pegs and a subchondral mini-screw. E: The posterior wall fragments are sequentially reduced and
held with the straight ball-spiked pusher. F: Anteroposterior radiograph obtained immediately after surgery showing the final fixation
construct. G: Postoperative computerized tomogram sections showing the reduction of the fracture fragments and the location of the
subchondral screw (arrows) in the two-level fixation ( 2016 Berton R. Moed. All Rights Reserved).
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the joint by these screws is highly undesirable. Our research
has shown that tangential and axial intraoperative
fluoroscopic imaging can accurately determine screw
positions relative to the joint surface.5 Screws that appearto compromise the subchondral bone on these views should
be redirected.5
In summary, fixation of comminuted and marginally
impacted fracture fragments can be improved by using a two-
level fixation construct (Figure 2AeG), as well as a non-
Figure 3: AeC: The modified Gibson approach. A: Straight skin incision. B: Fascial incision showing underlying anatomic structures. C:
Deep dissection with the gluteus maximus muscle reflected and a retractor in the lesser sciatic notch (asterisk) showing posterior exposure
similar to the KochereLangenbeck. Anterior retraction of the gluteus medius muscle without the presence of any overlying gluteus
maximus muscle facilitates anterosuperior access ( 2016 Berton R. Moed. All Rights Reserved).
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(Figure 3AeC). Satisfactory subchondral, extra-articular
screw positioning can be verified using tangential and axial
intraoperative fluoroscopic imaging.
What are the risk factors for an adverse outcome after
operative treatment?
Although a number of risk factors have been suggested to
be important in contributing to an adverse outcome, we are
the only investigators to have presented data from a largeseries of patients exclusively evaluating the posterior
wall.21,28,29 Others have drawn conclusions from a mixed bag
of acetabular fractures, including associated fracture types
(posterior column plus posterior wall and transverse plus
posterior wall), having only small numbers of isolated
fractures of the posterior wall.3,16,33 It has been opined since
the 1950s that posterior wall fractures constitute a different
type of injury than associated fracture types, especially as it
relates to the aetiology of osteonecrosis of the femoral
head.34 Over a series of studies exclusively evaluating the
posterior wall, we determined that the main patient risk
B.R. Moed184factors for an unsatisfactory clinical result include: 1) a greater
than 12-h delay in the time to reduction of an associated hip
dislocation, 2) an age of 55 years or older at the time of injury,
3) intra-articular comminution (defined as three or more
separate fragments), and 4) the presence of marginal impac-
tion.8,21,28,29 An important treatment variable, as Letournel
and Judet suggested, is the accuracy of surgical reduction as
assessed on the postoperative CT.28 Our study of 67 patients
evaluated with postoperative CT showed that the degree of
residual fracture displacement is detected more accurately
with postoperative CT than with plain radiography and that
the accuracy of surgical reduction is highly predictive of the
clinical outcome.28
Previous studies, including some of our own, have sug-
gested that a subset of acetabular fractures exists that is better
treated by primary total hip arthroplasty (THA) rather than
ORIF.28,29,33,35 A recently proposed nomogram to predict the
need for THA after ORIF is an attempt to better define this
patient group and assist in preoperative decision making.35
Unfortunately, our recent work indicates that this
nomogram is ineffective for fractures of the posterior wall.22
In summary, reduction of an associated hip dislocation
within twelve hours after the injury is imperative, and frac-
tures in older patients and those with extensive comminution
are more likely to have a poor clinical outcome. However,
whether to proceed with ORIF versus THA remains a deci-
sion based on a complete assessment by an experienced
treating clinician that has no easy answer. In addition, the
accuracy of surgical reduction as assessed on postoperative
computed tomography is highly predictive of the clinical
outcome. Therefore, fracture reduction must include
aggressive repositioning of free and marginally impacted
fragments as well as the accurate reduction of the main
fragments of the posterior wall.
What are the expected clinical and functional outcomes after
operative treatment?
A modified version of the Merle d’Aubigne´ clinical hip
score is currently the most generally accepted grading system
for evaluating clinical outcomes after acetabular frac-
tures.14,16,28,29 Using this system, the final clinical score is
classified as excellent, very good, good, fair, or poor.
Commonly, the clinical outcome is dichotomized into
good-to-excellent and fair-to-poor categories to describe
the results. Functional outcome has been described using the
Musculoskeletal Function Assessment (MFA), a 101-item,
self-reported health-status instrument designed for patients
with musculoskeletal disorders, including fractures.15
Regarding clinical outcomes, Letournel and Judet re-
ported on 492 patients who were treated within 3 weeks of
injury and followed for 1e33 years. Of these patients, 117
had fractures of the posterior wall. The authors found good-
to-excellent clinical results in 82% of patients. Other
investigators, however, reporting on a relatively small num-
ber of posterior wall fractures, have reported higher unsat-
isfactory patient outcomes of approximately 30%.1,6,16,33
These findings contrast with those of Pantazopoulos and
associates, who showed good-to-excellent clinical scores
(which parallelled the accuracy of fracture reduction) in 85%
of 52 fractures followed for 2e15 years.31 Our series of 100patients followed for 2e14 years showed similar results,
with 89% good-to-excellent clinical outcomes.29
Unfortunately, the functional outcome is not so clear cut.
In our study of 46 patients with posterior wall fractures who
were evaluated with the MFA, the patient scores were
significantly worse than the normative reference values.23
Therefore, complete recovery after a posterior wall fracture
of the acetabulum is uncommon, with residual functional
deficits involving wide-ranging aspects of everyday living
that do not necessarily have an obvious direct connection to
hip function. This finding is no different from the situation
for other acetabular fracture types.30
In summary, we have shown that good-to-excellent hip
function should be expected in a high percentage of posterior
wall fracture patients. However, residual functional deficits
may still remain and research should be directed toward the
identification and potential treatment interventions of these
other determinants of functional outcome.
Discussion
After the urgent and timely reduction of an associated hip
dislocation, the most important intervention the treating
physician can make is determining the stability of the hip
joint. Operating on a posterior wall acetabular fracture
inherently carries with it the morbidity of a major surgical
procedure. Therefore, it is not desirable to operate on a
stable hip that could be satisfactorily treated non-
operatively. Nevertheless, this unnecessary surgery on a
posterior wall fracture should still result in an overall good
prognosis, as is generally described for open reduction and
internal fixation. However, a patient with a small posterior
wall fragment assumed to have a stable hip joint but who
actually has a dynamically unstable hip joint would be at
great risk for recurrent dislocation and a disastrous clinical
outcome. When in doubt, open reduction and internal fixa-
tion is a much safer course of treatment. Having a diagnostic
examination that can define hip stability status is much more
desirable. Our EUA technique appears to fill this role; frac-
tures involving more than 50% of the posterior wall can be
assumed to be unstable and those involving less than or equal
to 50% require an EUA.9,17,20,32 A large multi-centre trial
will provide a definitive answer.
Fractures in older patients and those with extensive
comminution are more likely to have poor clinical results.
These findings are no doubt directly related to the fact that a
satisfactory clinical result is predicated on an accurate
reduction of the fracture; an accurate reduction of the frac-
ture is more difficult to perform in a comminuted fracture,
and fracture comminution is more common in older patients.
Despite reports to the contrary, as with other acetabular
fracture types (and all intra-articular fractures in general), a
high percentage of long-term good-to-excellent clinical re-
sults should be expected following anatomic reduction and
internal fixation of fractures of the posterior wall. These
findings are predicated on a number of factors under the
treating physician’s control, which include the timely
reduction of an associated hip dislocation and a meticulous
surgical technique. Fracture reduction must include aggres-
sive repositioning of free and marginally impacted fragments
as well as the accurate reduction of the main fragments of the
A thirty year perspective on posterior wall fractures of the acetabulum 185posterior wall. Every effort should be expended in an attempt
to anatomically reduce the joint surface. Overall functional
outcome is an area that requires further study.
Conclusion
Despite all of the information available, a number of
questions remain unanswered. Currently, the surgeon’s
practice experience and expertise remain the most useful
tools in making these determinations.
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